Total RNA was isolated from FACS sorted MC1-ZE7 cells with TRIzol reagent (Invitrogen). Genomic DNA was digested using TURBO DNase-free kit (Ambion) before reverse transcription. cDNA was generated with random hexamers using the Superscript III First-strand Synthesis SuperMix kit (Invitrogen). Real-time PCR was performed with the SYBR Green PCR system (Applied Biosystems). Primer sequences for RT-PCR are listed in Table S1 .
If a sequence fragment overlapped with the repeat element then it was counted for that specific repeat location. Then sequenced reads were combined for repeats that belong to each class/subclass of repetitive elements.
ChIP-seq reads were aligned to the mouse genome (mm9) using Bowtie (http://bowtie-bio.sourceforge.net) with maximum 2 mismatches allowed and maximum number of matches in the genome 10 (so that duplicated regions in the genome, such as Zscan4 gene cluster, are still covered by ChIP-seq reads). Redundant reads (that start from the same nucleotide) were removed. To make the rank-plot ( Figure 3D ), genes were sorted based by decreasing logratio of their expression in Zscan4+/Zscan4-cells, and then the proportion of genes with at least 2 regions of H3K27 hyperacetylation was estimated in a sliding window of 500 genes. Overlap between ZAGs and zH3K27ac was even more clearly observed when more stringent thresholds were used: 150 (59%) of 253 ZAGs (>5-fold Em+/Emexpression difference) were located within 0.5 Mb from zH3K27ac peaks. If the same number of histone acetylation peaks were generated in random genome locations, then the average overlap was 102.4 ± 10.5 (S.D.), which supports the significance of enriched overlap (p = 6 x 10 -6 ). If we used a 100 Kb threshold distance between ZAGs and zH3K27ac, then the number of overlapped genes was 83 (32.8%), which was again significantly greater than that generated by random peaks (average = 25.6 ± 5.75; p = 10 -22 ).
To identify peaks of H3K27ac we used HOMER findPeaks (http://biowhat.ucsd.edu/homer/ngs/index.html); peaks identified using "factor" and "histone" modes were combined for each ChIP-seq sample. Peaks wider than 2 Kb
were not analyzed because they did not accurately predict genome locations. To identify reproducible peaks, we selected for analysis only those peaks that overlapped in both ChIP-seq replications either in Zscan4+ or Zscan4-cells. Peaks identified in Zscan4+ or Zscan4-cells were combined if they overlapped or were separated by <500 bp.
Then ChIP-seq reads were counted in each peak, normalized by the total number of mapped non-redundant sequence reads, and a scatter-plot for Zscan4+/Zscan4-cells was generated ( Figure 3C ). The logratio of Em+/Em-was estimated for each peak, and then was used to sort the peaks as shown on the bottom graphs in Figures 4A , B.
To quantify DNA methylation in Em+ and Em-sorted cells ( Figure 4B ) we used data from HELP tagging method at genome locations within 1 kb from centers of each H3K27ac peak. DNA methylation was inferred from angle <50, where angle was estimated as: 100*atan(x/y)/(π/2) 2 . Peaks of H3K27ac, where <3 tags were obtained with HpaII restriction enzyme, were not used in the analysis.
Presence of chromatin modifications was evaluated using ChIP-seq data ( Figure 4A , Table S3 ). The number of ChIP-seq tags was then counted in each H3K27ac peak for Em+ and Em-cells. If the width of a peak was <1 kb, then ChIP-seq tags was then counted in a 1 kb intervals centered at the peak. If tag counts were >2 fold more abundant than in control, then the histone modification or cofactor was considered present. DNA methylation (>50%) was assessed using genome-wide bisulfite sequencing data 3 . Lamin B1 binding and abundance of H3K9me2 histone modifications was inferred from positive log-ratio of signal intensity in tiling array experiments 4, 5 for oligos aligned to each H3K27ac peak. Probes within 1 kb centered at H3K27ac peak were averaged. The proportion of H3K27ac peaks with histone modifications or cofactors was estimated separately in H3K27ac peaks that had increased acetylation (>3 fold) in Em+ cells compared to Em-cells (n = 1,429), and in other H3K27ac peaks (n = 22,517). Statistical significance was evaluated using a hypergeometric distribution as a null-hypothesis.
A portion of these data (DNA methylation, lamin B1 binding, and H3K9me2 histone marks) was used to generate Figure 4A . Peaks were sorted by decreasing logratio of H3K27ac between Em+ and Em-cells, and then the proportion of peaks with >50% DNA methylation or average logratio for lamin B1 binding and H3K9me2 histone marks was estimated in a sliding window of 300 peaks.
List of new large-scale data reported in this report
All the data have been submitted to a public database (GEO accession: GSE51682). A reviewer link provided by the
NCBI/NIH (GEO) is
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?token=ajcvumoonfmhpuj&acc=GSE51682.
The followings are 16 genome-wide analyses performed and presented in this report. 
Size-exclusion chromatography
Nuclear extract was prepared from Tet-Zscan4c ES cells after overexpressing Flag-tagged Zscan4 cultured in 48 dishes (150-mm cell culture dish) and was directly applied to a Superose-6 column (HR 16/50; Amersham) equilibrated with the column running buffer containing 20 mM HEPES (pH 7.9), 200 mM NaCl, 1 mM DTT, 0.1 mM PMSF, and 10% glycerol. After collecting fractions, 10 μl of nuclear extract from each fraction was analyzed by immunoblotting using anti-Flag M2 antibody to check the induction of flag-tagged Zscan4. Then, the remaining nuclear extracts from each fraction were used for immunoprecipitation. Nuclear extract of each fraction was diluted 5 times with IP buffer (20 mM HEPES pH 7.9, 200 mM NaCl, 1 mM DTT, 0.2 mM PMSF, and 10% glycerol) and incubated with 10 μl of anti-FLAG M2 affinity gel (Sigma A2220) at 4°C overnight with gentle rotation. The beads were washed 4 times with 1 ml IP buffer for 10 minutes at room temperature. The proteins were eluted with 3x FLAG peptide and followed by TCA precipitation. The precipitated proteins were used for mass spectrometry analysis. Figure S1 . RNA-seq data of Em-and Em+ cells -(Zscan4-overexpression) condition for 3 days and was directly applied to a Superose-6 column (HR 16/50; Amersham). After collecting fractions, 10 μl of nuclear extract from each fraction was analyzed by immunoblotting using a Flag antibody. The samples from fraction 20-36 and the samples fraction 38-56 were loaded into two different gels and the images were combined as indicated. (B) Upper panel: Immunoblot analyses of the Zscan4 protein detected by the anti-Flag antibody showing sizedistributions of Zscan4-associated protein complexes in the nuclear extracts of tet-Zscan4 ES cells cultured in the Dox -(Zscan4-overexpressing) condition for 3 days. Lower panel: The number of peptides identified in each of the size-selected Superose-6 fractions by the mass-spectrometry analyses, following the immunoprecipitation of Zscan4-associated protein complexes by the antibody against the FLAG-tag, which was fused to the Zscan4 protein in the tet-Zscan4 ES cells. 
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